8                    MICROSCOPIC EXAMINATION OF STEEL
a roughly polished area of considerable size, or if it is possible to work only with small sections, it is recommended that the test bars be rough-polished on two sides, at right angles to each other, before being turned into shape. The development of the structure is accomplished by etching the surface with a 6 per cent solution of iodine in alcohol or with an 8 per cent solution of copper ammonium chloride. The former should always be prepared immediately before use, as it keeps in good condition only a relatively short time. The copper ammonium chloride should be used only for those specimens which can be dipped into it, and the time of action should be approximately i minute. This solution will not give results with alloy steels on account of the tenacity with which the deposited copper adheres to the surface. With carbon steels the deposited copper is very easily removed by rubbing with a piece of wet cotton.
In using the iodine the polished surface is swabbed with cotton holding the reagent, and the process is repeated, as fast as the color of the iodine disappears, for a period of five minutes. The macrostructure thus developed shows ingot structure, segregation of carbon or phosphorus, excessive slag, strained metal.
The presence of ingot structure such as shown in photograph No. 19 indicates that the heat treatment and forging have not been sufficient to wipe out the crystallization which occurred on the solidification of the metal. It is not definitely known that the presence of ingot structure is harmful, and it is frequently accompanied by excellent microstructure, but it serves as an indication of the heat treatment to which the metal has been subjected after solidification. It is believed that such a structure would not be found in the best steel, and it is further believed that metal showing ingot structure would be more liable to rupture from shock than metal in which the ingot structure had been wiped out by heat treatment and forging.
Segregation of carbon or phosphorus may be brought out most successfully by etching a complete cross section of the metal under investigation, such as shown in photograph No. 20 of a rail section in which segregation of carbon is shown, or in photograph No. 21 of a cross section of a piece of cold-rolled shafting